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a b s t r a c t
Al/Al3Ti and Al/Al3Zr functionally graded materials (FGMs) were manufactured through a centrifugal
method from Al–5 mass % Ti and Al–5 mass % Zr, respectively. Applied centrifugal forces were 30, 60
and 120 G (units of gravity). Microstructural characterization was performed and the influence of the
reinforcing phase on the tribocorrosion behaviour of the FGMs was investigated. An increase in both the
particles volume fraction as well as their orientation in the outer regions of the FGMs was found as the
applied centrifugal force increased. Better tribocorrosion behaviour was found in the samples containing
the highest concentration of reinforcing particles. However themicrostructure below the surface appears
to influence the tribocorrosion behaviour.
© 2011 Published by Elsevier B.V.
1. Introduction21
Dispersion of hard intermetallic compounds in Al alloys has22
been studied as a means to improve the alloys’ mechanical prop-23
erties [1–4]. When the reinforcing phase has a higher density than24
the matrix, the centrifugal method is attractive due to the fact that25
there is a selective reinforcement of the surface of the component26
while gradually increasing the relative amount of ductile phases27
towards the inner region [5–8]. This results in a higher wear resis-28
tance in the surface as well as maintaining high bulk toughness. In29
fact, the presence of the reinforcing phase, in this caseAl3Ti or Al3Zr30
platelets, has a strong influence on the localmechanical properties.31
The shape, size and spatial orientation of the reinforcing phase will32
also play an essential role on the wear performance of the material33
[9,10].34
As stated above, particle segregation during casting with the35
centrifugalmethod occurs due to the difference in density between36
the particles and molten alloy [11]. Therefore, the study of two37
Al/intermetallic compounds systemswhere the intermetallic com-38
poundshavedifferentdensity values, Al3Ti andAl3Zrhavedensities39
of 3.4 and 4.1 g cm−3, respectively, is of interest.40
There are some published works dealing, independently, on41
the wear or corrosion behaviour of composites reinforced with42
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intermetallic particles. However, no studies were published on 43
the tribocorrosion behaviour of this kind of materials when they 44
are in contact with aggressive environments. The tribocorro- 45
sion behaviour of the Al/Al3Ti and Al/Al3Zr FGMs is important 46
to evaluate, since particulate reinforced Al matrix composites 47
(AlMCp) have received increasing demands for aerospace and auto- 48
motive applications [12]. Compared to ceramic reinforcements, 49
the employment of intermetallics as mechanical resistant rein- 50
forcements has advantages. In addition to their high level of 51
hardness, elastic modulus, melting temperature and thermal sta- 52
bility, the thermal expansion coefficients of intermetallics is much 53
closer to those of Al alloys. The smaller discrepancy in thermal 54
expansion coefficientswill decrease the residual stress at reinforce- 55
ment/matrix interfaces when the composite is exposed to thermal 56
cycles, hence guarantying a lower degree of failure originated at 57
the interface [13]. 58
The material exposed to a tribocorrosion environment, i.e., 59
where interactions betweenmechanical and corrosion degradation 60
processes occur, suffers an irreversible transformation which can 61
lead to thedecreaseof itsperformance [14]. The totalmetal removal 62
rate is usually not simply the sumof the corrosion rate and thewear 63
rate measured in separate experiments. In many cases corrosion 64
is accelerated by wear and, similarly, wear may be accelerated by 65
corrosion [15]. The mutual dependence of mechanical and chem- 66
ical metal removal rates in a tribocorrosion system can be due to 67
phenomena such as: local abrasion of the passive film leading to 68
wear accelerated corrosion due to rapid dissolution of the locally 69
0043-1648/$ – see front matter © 2011 Published by Elsevier B.V.
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Fig. 1. (a) Schematic representation of the FGM ring. (b) Definition of orientation angle, !.
Fig. 2. Schematic view of the tribocorrosion test setup.
depassivated metal surface, followed by repassivation; the abra-70
sive action of hard oxide particles formed by corrosion which will71
accelerate themechanicalmetal removalbywear; theplasticdefor-72
mation of the surface layer of a rubbingmetal leading to transfer of73
Table 1
Crystal structure and density.
Element or
compound
Crystal
structure
Density
(g cm−3)
Al Fcc 2.7
Al3Ti D022 3.3
Al3Zr D023 4.1
material to the opposite body resulting in a reduction of corrosion, 74
and others [14–16]. 75
In the present study microstructural characterization was per- 76
formed on Al/Al3Ti and Al/Al3Zr FGMs processed with different 77
applied centrifugal forces. Also tribocorrosion behaviour of Al/Al3Ti 78
and Al/Al3Zr FGMs has been studied in the outer region of the FGM 79
rings. 80
2. Material and methods 81
Al/Al3Ti and Al/Al3Zr FGMs were produced by the centrifugal 82
method, fromAl–5mass % Ti and Al–5mass % Zr commercial alloys, 83
respectively. The crystal structures and densities of the intermetal- 84
lic compounds and those of Al are presented in Table 1. Since the 85
Fig. 3. Optical micrographs, brighter areas are the intermetallic particles. (a) and (b) are from the Al/Al3Ti FGM cast at 60G at the outer and interior regions, respectively. (c)
and (d) are from the Al/Al3Zr FGM cast at 60G at the outer and interior regions, respectively. The arrows indicate the direction of applied centrifugal force.
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Fig. 4. Intermetallic particles area fraction and knoop hardness evolution for the Al/Al3Ti FGMs.
relative atomic masses of Al, Ti and Zr are 26.98, 47.88 and 91.22,86
respectively, the theoretical volume fraction of Al3Ti in the master87
alloy was calculated to be approximately 11vol% and that of Al3Zr88
as approximately 7vol%.89
In the centrifugal method the alloy was heated up to a tem-90
perature located between its solidus and liquidus temperatures,91
were most of the intermetallic platelets remain solid in a liquid92
Al-based matrix. It was then poured into a rotating mould in order93
to obtain ring-shaped samples which have an outer diameter of94
90mm, 25mm in height and a length of 20–25mm. The tempera-95
ture of the melting furnace was 1173K and the applied centrifugal96
casting forces were 30, 60 and 120G (units of gravity). A detailed97
description of the centrifugal method is available elsewhere [5–9].98
Sampleswere cut, polished and divided into ten regions of equal99
width along the centrifugal force direction. The outer surface of the100
ring is represented as the position 1.0 of the normalized distance101
and the inner surface by the position 0.0.102
Optical micrographs were taken and from those intermetallic103
particles distribution, size, shape and orientation were measured104
along two planes, perpendicular to the rotating axis (referred as105
OP1) and perpendicular to the rotating direction (referred as OP2),106
as seen in Fig. 1. Knoop hardness tests were performed, with the107
indenter’s long diameter normal to the centrifugal force direction.108
Potentiodynamic polarisation curves of both Al/Al3Ti and109
Al/Al3Zr FGMs samples were obtained in a 0.6M NaCl solution by110
scanning the potential from −1.4 to 0.2V at a scan rate of 2mVs−1111
using a PGP201 Potentiostat/Galvanostat (Radiometer Denmark),112
controlled by the VoltaMaster-1 software. The area of the working113
electrode was set in 0.4 cm2, the counter electrode was a Pt wire114
with an area of 1 cm2 and a saturated calomel electrode (SCE) was115
used as reference.116
Tribocorrosion behaviour was studied in the outer region of117
the Al/Al3Ti and Al/Al3Zr FGMs in the plane perpendicular to the118
axis of rotation of the rings. These tests were performed using a119
reciprocating tribometer (Plint TE67/R). An alumina (Al2O3) pin 120
(truncated cone geometry and with a tip of 1mm in diameter) 121
was used as counter-body and mounted vertically on the sam- 122
ples immersed in the electrolyte (exposed area =0.95 cm2). The 123
samples were used as plates positioned horizontally and mounted 124
in an acrylic electrochemical cell (20ml of a 0.6M NaCl solution 125
was used as electrolyte), as seen in Fig. 2. All potentials were 126
measured and expressedwith reference to a standard calomel elec- 127
trode (SCE), and a Pt wire with an area of 1 cm2 served as counter 128
electrode. A Voltalab PGZ100 Potentiostat (Radiometer Analytical, 129
Denmark), controlled by Voltamaster-4 software was used in the 130
electrochemical measurements. Samples were previously cathodi- 131
cally polarised at −1.4V vs. SCE, during 3min, in order to clean the 132
surface. Then, a potential of −0.83V vs. SCE was applied and kept 133
during the subsequent steps (potentiostatic control). This potential 134
was selected from thepotentiodynamic polarisation curves and lies 135
in the active zone, near the corrosionpotential of the samples. After, 136
the mechanical contact between the alumina pin and the sample 137
plate was established. The reciprocating wear test was performed 138
with a normal load of 3N, displacement amplitude of 2mm and a 139
frequency of 1Hz. The sliding time was 900 s. When sliding was 140
stopped, the pin and the sample were removed from the solution 141
and ultrasonically cleaned in ethanol and dried. For each sample, 142
the testswere repeated twice. The totalwear volume, caused by the 143
contribution of wear and corrosion, was determined by the pro- 144
filometric method, using a Perthometer S5P roughness meter, by 145
calculating the average of the cross-sectional areamultiplied by the 146
stroke length. The chemical wear volume (Vchem) was determined 147
from the measured electrical charge, using Faraday’s law: 148
Vchem =
Q •M
n•F•"
(1) 149
where, Q is the electric charge, which is obtained by integrating 150
of the current density curve with the time, along of the sliding 151
Fig. 5. Intermetallic particles area fraction and knoop hardness evolution for the Al/Al3Zr FGMs.
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Fig. 6. Al3Ti platelets Hermans orientation parameter distribution.
time (Q=
∫
I dt), M is the atomic mass of aluminium (27gmol−1),152
n the valence of dissolution of the Al (+3), F the Faraday’s153
constant (9.649×10−4 Cmol−1) and " is the density of the Al154
(2.7×10−3 gmm−3). The mechanical wear volume, which is the155
volume of material removed mechanically, was obtained by sub-156
traction of the calculated chemical wear volume to the total wear157
volume.158
The topographical features of the worn surfaces were investi-159
gated using scanning electron microscopy (SEM) in an attempt to160
study the tribocorrosion mechanisms.161
3. Results and discussion162
3.1. Intermetallic compounds volume fraction and knoop163
hardness distributions164
Optical micrographs of the typical microstructure found in the165
produced FGMs are shown in Fig. 3. The volume fraction of Al3Ti in166
the Al/Al3Ti FGM and that of Al3Zr in the Al/Al3Zr FGM as a function167
of normalized distance are seen in Figs. 4 and 5, respectively. It is168
observed from Figs. 4 and 5 that in all samples the volume fraction169
occupied by Al3Ti or Al3Zr particles decreases from the outer (1.0170
position in the abscissa of the figures) to the inner regions (position171
0.0) of the FGM rings. In fact, with samples cast under 60 and 120G172
there is an absence of particles from around themiddle to the inner173
region of the rings in both the Al/Al3Ti and Al/Al3Zr FGMs.174
As seen in Fig. 4, an increase in the applied centrifugal force175
does not appear to significantly increase the intermetallic particle176
fraction at the outermost region of the Al/Al3Ti FGMs rings, which177
remain around 20–25vol%, but does increase the volume fraction178
in the adjacent regions. As expected, due to the initial lower theo-179
retical volume fraction, all the Al/Al3Zr FGMspresent lower volume180
fractions than the Al/Al3Ti FGMs (see Fig. 5).181
At applied centrifugal force of 30G the Al/Al3Zr FGM exhibits 182
a very low gradient when compared to the Al/Al3Ti sample. The 183
samples from both systems cast at 60G display a very similar trend 184
while, for the samples subjected to a centrifugal force of 120G, a 185
higher relative clustering of particles on the outermost regions is 186
found for the Al/Al3Zr FGM. Al3Ti particles have a higher segre- 187
gation rate with lower applied centrifugal forces than the Al3Zr 188
particles; a situation that is reversed for higher applied centrifugal 189
forces. 190
It has been accepted, in general, that the viscosity of a sus- 191
pension rises with to the increase in number of particles in the 192
suspension [17]. Since themotion of spherical particles in a viscous 193
liquid under a centrifugal force can be determined by the sim- 194
ple Stokes’ law, the volume fraction gradient within the spherical 195
particle reinforced FGM becomes steeper by decreasing the mean 196
volume fraction of particles [7]. Easier migration of the particles 197
in sparser suspensions, compared with denser suspensions, could 198
not explain the lower gradient obtained in the Al/Al3Zr FGMs at 199
low applied centrifugal forcewhen compared to the Al/Al3Ti FGMs. 200
In this way, the present results, relating to the effect of mean vol- 201
ume fraction, contradicts theprevious results for spherical particles 202
[7]. On the other hand the same effect has been found to occur in 203
Al/Al3Ti FGMswith different volume fraction of particles, that is, an 204
increase in volume fraction leads to steeper gradients [18]. There- 205
fore it is apparent that the simple Stokes’ law is not applicable to 206
the Al/Al3Ti and Al/Al3Zr systems. 207
Knoop hardness measurements for the Al/Al3Ti FGMs (Fig. 4) in 208
general follow the same trend as the area fraction for each sample, 209
with values around 50 HKN in the regions without particles and 210
over 100 in areas with the higher intermetallic content. A similar 211
trend, although with slightly lower values of maximum hardness, 212
is also observed in the Al/Al3Zr FGMs (Fig. 5). The Al3Ti and Al3Zr 213
intermetallic compounds show Vickers hardness of the same order 214
of magnitude: 4–7GPa for Al3Ti and 4.27–7.4GPa for Al3Zr [19]. 215
Fig. 7. Al3Zr platelets Hermans orientation parameter distribution.
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However, theAl/Al3Ti FGMsshowhigherhardness in theoutermost216
regions as a consequence of a higher concentration of intermetallic217
particles when compared to the Al/Al3Zr FGMs.218
3.2. Orientation distribution of Al3Zr and Al3Ti platelets219
Asmentioned above, it was found that in the outer region of the220
ring, most of platelets are oriented with their planes nearly per-221
pendicular to the radial direction (see Fig. 3). In order to describe222
the degree of orientation, it is necessary to define the reference223
axes, x, y and z, as shown in Fig. 1. Planes OP1 and OP2 corre-224
spond to x–y plane and y–z plane, respectively. Fig. 1b) shows the225
definition of the orientation angles !1 and !2 on the planes OP1226
and OP2, respectively. Two-dimensional (2-D) orientation of the227
platelet can be described by the angle, !, between the direction228
perpendicular to the disc plane and the reference axis, y (the cen-229
trifugal force direction, i.e. radial direction of the ring as shown230
in Fig. 1a). The 2-D platelet orientation distributions are obtained231
frommicrographs. Furthermore, in order to quantitatively describe232
this orientation tendency quantitatively, the following Hermans233
orientation parameter, fp [20–22] was calculated.234
fp = [2〈cos2 !〉 − 1] (2)235
Where the trigonometric average is,236
〈cos2 !〉 =
∫ #/2
−#/2
cos2 ! n (!)d! (3)237
The term n(!) is the orientation distribution function which spec-238
ifies the fraction of platelets within the angular element d!. The239
parameter fp becomes 0 for a random distribution of platelets,240
and it becomes 1 for perfect alignments of the platelets with their241
planes perpendicular to the direction of the applied centrifugal242
force. Intermediate values of this parameter correspond to partial243
states of orientation.244
As seen in Figs. 6 and 7 the platelets tend to be oriented nor-245
mal to the centrifugal force direction. The trend is similar along246
both observation planes (OP1 and OP2) in agreement with pre-247
vious studies [17,22], with exception of the Al/Al3Zr sample cast248
under 30G. Also the orientation of platelets in the outer regions is249
increasedwith the increase inappliedcentrifugal force, although, as250
with the volume fraction values, the increase of applied centrifugal251
force from 60 to 120G does not affect significantly the orientation252
parameter for theoutermost regionbutdoes increase it for theadja-253
cent regions, a similar effect is observed for the Al/Al3Zr FGMs. Also254
higher orientation parameter values are obtained for the Al/Al3Ti255
FGMs. The higher volume fraction of Al3Ti platelets leads to the256
necessity of a closer packing between them, which is facilitated by257
their shape and size (see Fig. 3). As for the behaviour of the Al3Zr258
platelets, a very low orientation parameter is found in the outer259
regions of the sample cast under 30G and an essentially random260
orientation in the interior regions. The low particle orientation in261
this sample is furthermore corroborated by the lack of correlation262
between the observed values inOP1 andOP2. At applied centrifugal263
forces of 60 and 120G, the Al/Al3Zr FGMs follow the same trend as264
the Al/Al3Ti FGMs although with a lower overall value, in this case265
the lower volume fraction allows for a greater freedom of move-266
ment of the Al3Zr platelets, leading to lower orientation parameter267
values.268
3.3. Tribocorrosion behaviour269
Before the tribocorrosion tests, potentiodynamic polarisation270
curves were performed with the aim of selecting the potential271
applied in the tribocorrosion tests. Potentiodynamic polarisation272
curves obtained in all samples are shown in Fig. 8. As can be273
Fig. 8. Representative potentiodynamic polarisation curves obtained in the FGMs
immersed in a 0.6M NaCl solution: (a) Al/Al3Ti FGMs and (b) Al/Al3Zr FGMs.
observed in Fig. 8a), the corrosion potential (Ei=0) values of Al/Al3Ti 274
30, 60and120G samples arevery similar,−0.83,−0.80and−0.84V, 275
respectively. In the case of the Al/Al3Zr FGMs (Fig. 8b), the samples 276
present amore dispersed behaviour. The 30G sample reveals a cor- 277
rosion potential (Ei=0) of −0.83V clearly higher than the 60G and 278
120G samples,−0.90 and−0.94V, respectively. The determination 279
of the corrosion current density (icorr) for all samples presents some 280
difficultiesbecauseof thehighnoise level and instabilityof the sam- 281
ples immersed in the electrolyte. As a result, the potential of−0.83 282
V vs. SCE was selected to perform the tribocorrosion test, which 283
was performed at potentiostatic control. As can be seen in Fig. 8, 284
this value is close of the active zone, relatively close to the corrosion 285
potential of the samples. 286
Results of the tribocorrosion tests obtained in Al/Al3Ti FGMs 287
samples are presented in Fig. 9, which shows the evolution of the 288
current density (i) and of the friction coefficient ($), with the time. 289
All samples showan increase in the currentdensity at thebeginning 290
of sliding, corresponding to the exposure of fresh active material 291
that becomes in contactwith the solution. Nevertheless, after some 292
time of sliding, the current density decreases until reaching the 293
steady-state. The 30 and 120G sample achieves a steady-state after 294
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Fig. 9. Evolution of the current and the friction coefficient with time for the Al/Al3Ti
FGMs: (a) 30G, (b) 60G and (c) 120G.
∼100 s of the beginning of the sliding, while the 60G sample takes295
much more time to reach a steady-state. It is possible to observe296
that at the end of sliding the 30 and 60G samples have similar297
current values (∼20!Acm−2, as indicated in Fig. 9). An exception298
occurs with the 120G sample, which presents the lowest current299
(∼10!Acm−2). In terms of friction coefficient,$, all samples show300
values between 0.4 and 0.6. The average friction coefficient was301
calculated eliminating the initial sliding values, i.e., by ignoring the302
running-in period and the lowest value of $average corresponded303
to the 120G sample. Thus, although all samples show similar304
behaviour, this last sample (120G) presents a relatively better tri-305
bocorrosion behaviour when compared with the other samples,306
by considering the relative lower friction coefficient and current307
density.308
Fig. 10(a) presents the overall topography of Al/Al3Ti FGM120G309
wear track, in which some of the pores arising from the cast pro-310
cess can be observed in the unworn surface. As it can be observed311
in Fig. 10(b), in which the interface between the wear track and312
the unworn surface is shown, the Al3Ti platelets are fractured313
due to the mechanical action. Nevertheless, around the platelets314
accumulation of wear debris in the form of a tribolayer can be315
observed, indicating that the platelets are anchoring that tribolayer316
around them. In previous works regarding Al-based functionally317
graded materials reinforced with SiC particles [23,24], it could be318
observed that the reinforcing particles tend to act as load-bearing319
Fig. 10. SEMmicrograph revealing the detailed topographical features from surface
of Al/Al3Ti FGM 120G after sliding against an alumina pin in 0.6M NaCl: (a) wear
scar, (b) interface between worn and unworn regions and (c) detail of the Al3Ti
platelets fragments at the wear track.
elements, promoting the formation and stability of adherent thick 320
tribolayers, improving the wear resistance of the composite. Also, 321
in Al-alloy/SiC composites, the wear rate of the Al-alloy matrix 322
depends on the formation rate of the adherent tribolayer. If the 323
rate of formation of the tribolayer is high, the Almatrixwill become 324
protected and its degradation by wear will decrease. In the case of 325
the present study, as shown in Fig. 10(c), the integrity of the Al3Ti 326
platelets is destroyed due to themechanical action, being fractured 327
into smaller fragments. However, these fragments remain at the 328
contact region, and are able, of offering some anchoring regions for 329
the tribolayers. 330
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Fig. 11. Evolution of the current and the friction coefficient with time for the
Al/Al3Zr FGMs: (a) 30G, (b) 60G and (c) 120G.
In Fig. 11, the evolution of current density (i) and of fric-331
tion coefficient ($) with the time is presented for the Al/Al3Zr332
FGM samples. The 30 and 60G samples show similar current333
values through the sliding period (∼50!Acm−2), which is very334
high when compared with the 120G sample (∼20!Acm−2). Fric-335
tion coefficient, in all samples, varies between 0.4 and 0.6. The336
sample with the more stable $ during the sliding period is the337
30G sample, with a $ of approximately of 0.5. The sample with338
the lowest $ (∼0.4 at the end of sliding) is the 60G sample;339
in this sample the $ after reaching a maximum value (approx-340
imately 0.6) decreases rapidly and stabilizes. In the case of the341
120G sample, the friction coefficient is more unstable through-342
out the sliding time and is the highest (∼0.54) when compared343
with the other samples. Fig. 12(a) shows the overall topogra-344
phy of Al/Al3Zr FGM 120G. As evidenced in Fig. 12(b) and (c) in345
this case the platelets were pulverized and crushed in the con-346
tact region during sliding against the alumina counter-body. There347
was no evidence of the formation of a tribolayer, and very thin348
plowing grooves oriented parallel to the sliding motion can be349
observed.350
In general terms, it can be concluded that the Al/Al3Zr FGMs351
samples have worse tribocorrosion behaviour when compared352
with the Al/Al3Ti FGMs samples. This assumption is made on the353
Fig. 12. SEMmicrograph revealing the detailed topographical features from surface
of Al/Al3Zr FGM 120 G after sliding against an alumina pin in 0.6M NaCl: (a) wear
scar, (b) detail of the inside of the wear track and (c) detail of the interface between
worn and unworn regions.
basis of high friction coefficient, higher current density values and 354
on the morphology of the wear scar. 355
Normally, in tribocorrosion systems an increase in current is 356
observed at the start of sliding, indicating an increase in corro- 357
sion rate, also, in passive materials, the passive film is periodically 358
removed by abrasion followed by metal oxidation until repassi- 359
vation occurs. Also, mechanical wear results on the detachment 360
of particles during sliding which has influence in the coefficient 361
of friction [25]. In the case of the Al/Al3Ti and Al/Al3Zr FGMs, the 362
repassivation is expected to be dependent of the galvanic current 363
between matrix and platelets. In fact, Al3Ti and Al3Zr show a more 364
noblest potential than the pure Al (pure Al[99,99%] =−849mVSCE; 365
Al3Ti =−799mVSCE and Al3Zr =−801mVSCE in 0.6M NaCl solution) 366
[26]. The Al/Al3Ti FGMs samples show lower current densities dur- 367
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Fig. 13. Removed volumes by mechanical and electrochemical processes, in the
tribocorrosion tests: (a) Al/Al3Ti FGMs samples and (b) Al/Al3Zr FGMs samples.
ing sliding, so the passive film seems to have a more protective368
character than in the Al/Al3Zr system369
In terms of friction coefficient, the Al/Al3Ti FGMs show lower370
values though they have a higher area fraction of intermetallic371
platelets and higher hardness values in the outermost regions. The372
formation of tribolayers anchored on the Al3Ti fragments, as dis-373
cussed above, may explain this behaviour.374
Regarding the synergism between the wear and corrosion phe-375
nomena, Fig. 13 shows the relation between the removed volumes376
by the mechanical (Vmech) and electrochemical (Vchem) processes.377
All the samples show very low values of Vchem when compared to378
Vmech. This should be a good indication that the tribocorrosion pro-379
cess is mainly governed by themechanical wear. It is also observed380
that the samples having a large Vmech show a larger Vchem, indicat-381
ing probably that there exists an increase in the corrosion rate due382
to wear. Another important characteristic is that the samples with383
a smaller total wear volume are the 120G ones. This phenomenon384
canbeexplainedby thehigher volume fractionofparticles obtained385
from a higher applied centrifugal force. On the other hand, the 30G386
and 60G Al/Al3Ti FGM samples present a smaller total wear vol-387
ume than the respective Al/Al3Zr FGMs, probably due to the wear388
mechanism which does not originate protective tribolayers.389
4. Conclusions390
In the present work the microstructure and tribocorrosion391
behaviour of Al/Al3Ti and Al/Al3Zr functionally graded materials392
(FGMs), fabricated by the centrifugal method, was investigated.393
It was found that higher applied centrifugal force increases both 394
the intermetallic particles volume fraction as well as their orien- 395
tation in the outer regions of the FGMs, although the increase of 396
appliedcentrifugal force from60 to120Gdidnot significantly affect 397
the volume fraction or the orientation parameter distribution for 398
the outermost region of the FGMs but did increase it in the adjacent 399
regions. It was observed that Al3Ti particles have a higher segre- 400
gation rate with lower applied centrifugal forces than the Al3Zr 401
particles; a situation that is reversed for higher applied centrifugal 402
forces. Also, higher orientation values for the intermetallic platelets 403
are found in the Al–Al3Ti FGMs. 404
Better tribocorrosion behaviour was found in the samples pro- 405
duced with a higher centrifugal force. Considerable differences 406
in the amount of the total wear volume was found between the 407
samples produced at 60 and 120G, regardless the similar volume 408
fractionandorientationparameterof theoutermost regions (where 409
the tribocorrosion tests were performed) observed in those sam- 410
ples, indicating that a strong influence of the structure below the 411
surface of the FGM’s is determinant in terms of tribocorrosion 412
behaviour. Furthermore, it was observed that the tribocorrosion 413
mechanisms of Al/Al3Ti and Al/Al3Zr FGM samples are different, 414
and dependent on the mechanical properties of the reinforcing 415
platelets. The existence of a synergism between the wear and the 416
corrosion is apparent, as higher mechanical wear results in higher 417
relative amount of corrosion. 418
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